ABSTRACT
Introduction
Reactive oxygen species (ROS) are generated in all aerobic cells and include superoxide radical (O 2-), hydrogen peroxide (H 2 O) and hydroxyl radical (OH 2 ) 1 . Mitochondria are not only responsible for energy (ATP) production, but also are a major source of reactive oxygen species (ROS) 2 . Under physiological circumstances, there is a balance between antioxidants and oxidants produced by aerobic cellular systems. Because aerobic cells possess antioxidant systems to trap and/or inactivate such oxygen intermediates, oxidative stress is the result of an imbalance between the production of ROS and their inactivation by the protective systems 1 .
There are now numerous reports showing that estrogen and estrogen-like compounds are effective in protecting against a wide variety of insults in numerous different cell types 3 . Estrogens effectively prevent pro-oxidant stress in the mitochondria 4, 5 . Tugay et al. 6 studied the effects of dexamethasone on oxidant/antioxidant status in kidneys of rats administered mercuric chloride and concluded that dexamethasone injection may partially protect the rodent kidneys against oxidative reactions by preventing the increase in xanthine oxidase activity. Estrogen has been shown to exert antioxidant properties in rodent hearts exposed to ironstimulated lipid peroxidation 7 . In aging liver oxidative stress increases due to the decrease in antioxidant bio-molecules such as estrogens which can be modified by hormonal replacement therapy. Long-time estrogen supplementation prevent the increase in lipid peroxidation induced by aging 8 .
On the other hand, adverse effects of steroids have been demonstrated . Dexamethasone is known to induce free radical toxicity in humans and animals [9] [10] [11] . Increased ROS generation resulting in liver oxidative stress has been demonstrated in sea bass exposed to 17β estradiol 12 
Experimental groups
Animals were anesthetized intraperitoneally with a fresh-prepared solution of chloral hydrate 10% (0.1ml /30g body weight). Twenty-four rats were randomly assigned to 4 equal groups (n=6) as follows: all rats were anesthetized as described. A midline laparotomy was performed for blood (3.0 ml) and both ovaries were harvested for biochemical analysis and histological examination.
Biochemical determinations
Parameters determined included myeloperoxidase (MPO) malondialdehyde (MDA) and glutathione (GSH) concentrations.
Tissue samples were snap-frozen in liquid nitrogen and stored in glass tubes at -70º until subsequent preparation and analysis of liver and kidney homogenates. Lipid peroxidation was assayed by measuring malondialdehyde as TBA-reactive substances 20 .
In brief, H 3 PO 4 (1%, 3 mL) and aqueous TBA solution (0.6%, 
MPO activity
In brief, after collection, the sample was placed in an
Eppendorf tube with cold buffer (0.1 M NaCl, 0.02 M NaPO, NaEDTA 0.015 M, pH 4.7). The tissue was weighed and then homogenized in a Polytron PT 3.100 to 13.000 rpm. Hypotonic lysis was carried out in the pellet using 2 % NaCl solution; after 30s, NaCl 1.6 % and glucose 5% were added. After centrifugation, .
Data analysis
Graphpad Prism 5.0 (GraphPad Software, San Diego California USA, www.graphpad.com) was used for graphics design and statistical analysis. All results were expressed as mean±SD. All data were tested for distribution (Kolmorogov-Smirnov test with
Dallal-Wilkinson-Lilliefor P value). One-way ANOVA (Dunnett's multiple comparison test) was performed to determine differences
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Results

Effects of VE on ovary structure
No histological findings compatible with PCOS was identified in rats treated with VE ( Figure 1 ).
FIGURE 1 -Photomicrograph of left ovary from control group (G1)
exhibiting typical normal appearance with follicles and corpora lutea in different stages of development and regression (HE, x40).
GSH assay
Plasma GSH concentrations increased significantly in all groups compared with control ( Figure 2 ). Tissue (ovary) GSH concentrations increased significantly in rats submitted to EA 2Hz and EA 100Hz (p<0.001), compared with control ( Figure 3) . 
MDA assay
Plasma MDA concentrations increased significantly in rats submitted to EA 2Hz (p<0.01) and EA100Hz (p<0.001), compared with control group (Figure 4 ). 
MPO activity
MPO activity decreased significantly in all groups compared with G1 ( Figure 6 ). 
Discussion
Sex steroids play a very important role both in the female reproductive system as in the male, through its regulatory effect in the various sexual and reproductive endocrine functions.
These steroid hormones, particularly estrogen, are important for the development of the sexual phenotype, morphology of the reproductive tract and sexual differentiation of the central nervous system. In mammals, sex steroids play a key role in regulating the hypothalamic-pituitary-ovarian, ovarian folliculogenesis, ovulation and embryo implantation 22 . Many studies have indicated that dexamethasone induces free radical toxicity in humans and animals [9] [10] [11] . Recent experimental studies have demonstrated that chronic estradiol exposure induces oxidative stress in the hypothalamus of rats 13 .
PCOS has been experimentally induced with a single dose of EV (4 mg) applied to virgin adult cycling SpragueDawley rats 14 .
In another study 15 In our study, the stimulation of two acupoints, ST-36 (Zusanli) and SP-6 (Sanyinjiao), using manual Ac and EAc with low (2 Hz) and high (100 Hz) frequencies promoted a significant increase in systemic (plasma) and local (ovary) GSH levels compared with G1 levels. The use of EAc has promoted an increase in GSH levels in the liver and kidneys and in random skin flaps of rats, as demonstrated in previous studies [16] [17] . Lipid peroxidation was more intense in rats treated with EAc as there was a significant raise in MDA levels in G3 and G4 rats. However, the use of Ac did not G1 -Control G2 -Ac G3 -EAc 2 Hz G4 -EAc 100 Hz
U/g ovarian tissue
Effects of acupuncture and electroacupuncture on estradiol-induced inflammation and oxidative stress in health rodents alter MDA levels. Despite the fact that is known that there is a correlation observed between the plasma levels of MDA, and the level of 17-beta estradiol where high levels of this hormone may lead to oxidative stress 27 we cannot exclude the effects of EAc on the increase in lipid peroxidation. We have reported similar results in other tissues in two previous studies [16] [17] .
In this study MPO activity decreased significantly in all groups compared with G1, after five sessions of AC and EAC.
Recently 
Conclusion
As evidenced by the changes in glutathione and malonaldehyde levels and myeloperoxidase activity, the results
of the present study demonstrate that both acupuncture and electroacupuncture treatments attenuates systemic and local estradiol -induced oxidative damage.
